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(54) MODULAR AIR COOLED CONDENSER APPARATUS AND METHOD

(57) The present invention relates to a mechanical
draft cooling tower that employs air cooled condenser
modules. The aforementioned cooling tower operates by
mechanical draft and achieves the exchange of heat be-
tween two fluids such as atmospheric air, ordinarily, and
another fluid which is usually steam. The aforementioned
cooling tower utilizes a modular air cooled condenser
concept wherein the air cooled condensers utilize heat
exchange deltas that use tube bundles that are manu-
factured and assembled prior to being shipped to the
tower site.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a mechanical
draft cooling tower that utilizes air cooled condenser
modules. The aforementioned cooling tower operates by
mechanical draft and achieves the exchange of heat be-
tween two fluids such as atmospheric air, ordinarily, and
another fluid which is usually steam or some sort of in-
dustrial process fluid. The aforementioned cooling tower
operates by mechanical draft which utilizes an air current
generator such as a fan or the like.

BACKGROUND OF THE INVENTION

[0002] Cooling towers are heat exchangers of a type
widely used to emanate low grade heat to the atmosphere
and are typically utilized in electricity generation, air con-
ditioning installations and the like. In a mechanical draft
cooling tower for the aforementioned applications, airflow
is induced or forced via an air flow generator such as a
driven impeller, driven fan or the like. Cooling towers may
be wet or dry. Dry cooling towers can be either "direct
dry," in which steam is directly condensed by air passing
over a heat exchange medium containing the steam or
an "indirect dry" type cooling towers, in which the steam
first passes through a surface condenser cooled by a
fluid and this warmed fluid is sent to a cooling tower heat
exchanger where the fluid remains isolated from the air,
similar to an automobile radiator. Dry cooling has the
advantage of no evaporative water losses. Both types of
dry cooling towers dissipate heat by conduction and con-
vection and both types are presently in use. Wet cooling
towers provide direct air contact to a fluid being cooled.
Wet cooling towers benefit from the latent heat of vapor-
ization which provides for very efficient heat transfer but
at the expense of evaporating a small percentage of the
circulating fluid.
[0003] To accomplish the required direct dry cooling
the condenser typically requires a large surface area to
dissipate the thermal energy in the gas or steam and
oftentimes may present several challenges to the design
engineer. It sometimes can be difficult to efficiently and
effectively direct the steam to all the inner surface areas
of the condenser because of nonuniformity in the delivery
of the steam due to system ducting pressure losses and
velocity distribution. Therefore, uniform steam distribu-
tion is desirable in air cooled condensers and is critical
for optimum performance. Another challenge or draw-
back is, while it is desirable to provide a large surface
area, steam side pressure drop may be generated thus
increasing turbine back pressure and consequently re-
ducing efficiency of the power plant. Therefore it is de-
sirous to have a condenser with a strategic layout of duct-
ing and condenser surfaces that allows for an even dis-
tribution of steam throughout the condenser, that reduces
back pressure, while permitting a maximum of cooling

airflow throughout and across the condenser surfaces.
[0004] Another drawback to the current air cooled con-
denser towers is that they are typically very labor inten-
sive in their assembly at the job site. The assembly of
such towers oftentimes requires a dedicated labor force,
investing a large amount of hours. Accordingly, such as-
sembly is labor intensive requiring a large amount of time
and therefore can be costly. Accordingly, it is desirable
and more efficient to assemble as much of the tower
structure at the manufacturing plant or facility, prior to
shipping it to the installation site.
[0005] It is well known in the art that improving cooling
tower performance (i.e. the ability to extract an increased
quantity of waste heat in a given surface) can lead to
improved overall efficiency of a steam plant’s conversion
of heat to electric power and/or to increases in power
output in particular conditions. Moreover, cost-effective
methods of manufacture and assembly also improve the
overall efficiency of cooling towers in terms of cost-effec-
tiveness of manufacture and operation. Accordingly, it is
desirable for cooling tower that are efficient in both in the
heat exchange properties and assembly. The present
invention addresses this desire.
[0006] Therefore it would desirous to have an econom-
ical, mechanical draft, modular cooling tower that is effi-
cient not only in its heat exchange properties but also in
its time required for assembly and cost for doing the
same.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention advan-
tageously provides for a fluid, usually steam and method
for a modular mechanical draft cooling tower for condens-
ing said steam.
[0008] An embodiment of the invention includes a
method for assembling a modular air cooled condenser
extending along a vertical axis away from horizontal,
comprising the steps of: assembling a first condenser
bundle assembly having a first set of tubes having first
and second ends, a steam manifold connected to the first
ends of the tubes , and a condensate header connected
to the second ends of the tubes ; assembling a second
condenser bundle having a second set of tubes having
first and second ends, a steam manifold connected to
the first ends of the tubes, and a condensate header con-
nected to the second ends of the tubes; placing the first
and second condenser bundle assemblies in to a con-
tainer; transporting the container to a location upon which
the modular air cooled condenser will be assembled; as-
sembling a heat exchange delta by placing the first con-
denser bundle and the second condenser bundle; and
positioning the heat exchange delta on a modular tower
frame.
[0009] Another embodiment of the present invention
includes a modular air cooled condenser extending along
a vertical axis away from horizontal, comprising: means
for assembling a first condenser bundle assembly having
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a first set of tubes having first and second ends, a steam
manifold connected to the first ends of the tubes, and a
condensate header connected to the second ends of the
tubes; means for assembling a second condenser bundle
assembly having a second set of tubes having first and
second ends, a steam manifold connected to the first end
of the tubes, and a condensate header connected to the
second ends of the tubes; means for placing the first and
second condenser bundle assemblies in to a container;
means for transporting the container to a location upon
which the modular air cooled condenser will be assem-
bled; means for assembling a heat exchange delta by
placing using the first condenser bundle and the second
condenser bundle; and means for positioning the heat
exchange delta on a modular tower frame.
[0010] Another embodiment of the present invention,
A mechanical draft modular air cooled condenser that
cools an industrial fluid is disclosed, comprising: a ple-
num with which at least one delta resides wherein said
at least one delta comprises first condenser bundle hav-
ing a first set of tubes having first and second ends, a
steam manifold connected to the first ends of the tubes,
and a condensate header connected to the second ends
of the tubes; and a second condenser bundle having a
second set of tubes having first and second ends, a steam
manifold connected to the first ends of the tubes, and a
condensate header connected to the second ends of the
tubes; a support frame that supports said plenum; and a
shroud that houses an air current generator.
[0011] In yet another embodiment of the present in-
vention, a method for assembling a modular air cooled
condenser extending along a vertical axis is disclosed,
comprising: assembling a first condenser bundle having
a first set of tubes having first and second ends and a
condensate header connected to the second end of the
tubes; assembling a second condenser bundle having a
second set of tubes having first and second ends, and a
condensate header connected to the second end of the
tubes; placing the first and second condenser bundles in
to a container; transporting the container to a location
upon which the modular air cooled condenser will be as-
sembled; assembling a heat exchange delta by placing
using the first condenser bundle and the second con-
denser bundle; and positioning the heat exchange delta
on a modular tower frame.
[0012] There has thus been outlined, rather broadly,
certain embodiments of the invention in order that the
detailed description thereof herein may be better under-
stood, and in order that the present contribution to the
art may be better appreciated. There are, of course, ad-
ditional embodiments of the invention that will be de-
scribed below and which will form the subject matter of
the claims appended hereto.
[0013] In this respect, before explaining at least one
embodiment of the invention in detail, it is to be under-
stood that the invention is not limited in its application to
the details of construction and to the arrangements of
the components set forth in the following description or

illustrated in the drawings. The invention is capable of
embodiments in addition to those described and of being
practiced and carried out in various ways. Also, it is to
be understood that the phraseology and terminology em-
ployed herein, as well as the abstract, are for the purpose
of description and should not be regarded as limiting.
[0014] As such, those skilled in the art will appreciate
that the conception upon which this disclosure is based
may readily be utilized as a basis for the designing of
other structures, methods and systems for carrying out
the several purposes of the present invention. It is im-
portant, therefore, that the claims be regarded as includ-
ing such equivalent constructions insofar as they do not
depart from the spirit and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above-mentioned and other features and
advantages of this disclosure, and the manner of attain-
ing them, will become more apparent and the disclosure
itself will be better understood by reference to the follow-
ing description of various embodiments of the disclosure
taken in conjunction with the accompanying figures.

FIG. 1 is a perspective view of an air cooled con-
denser module in accordance with an embodiment
of the present invention.
FIG. 2 is a schematic side view of the air cooled
condenser module depicted in FIG. 1 in accordance
with an embodiment of the present invention.
FIG. 3 is another schematic side view of the air
cooled condenser module depicted in FIG. 1 in ac-
cordance with an embodiment of the present inven-
tion.
FIG. 4 is a perspective view of an A-type condenser
configuration in accordance with an embodiment of
the present invention.
FIG. 5 illustrates the condenser bundles in a pack-
aged arrangement for shipping in accordance with
an embodiment of the present invention.
FIG. 6 schematically illustrates the steps of assembly
of an air cooled condenser in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof and show by way of illustration specific em-
bodiments in which the invention may be practiced.
These embodiments are described in sufficient detail to
enable those skilled in the art to practice them, and it is
to be understood that other embodiments may be utilized,
and that structural, logical, processing, and electrical
changes may be made. It should be appreciated that any
list of materials or arrangements of elements is for ex-
ample purposes only and is by no means intended to be
exhaustive. The progression of processing steps de-
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scribed is an example; however, the sequence of steps
is not limited to that set forth herein and may be changed
as is known in the art, with the exception of steps nec-
essarily occurring in a certain order.
[0017] Turning now to FIG. 1, a modular air cooled con-
denser module, generally designated 10, is illustrated.
The air cooled condenser module 10 generally includes
a plenum 12, having an air current generator or fan dis-
posed within a fan shroud or inlet bell 14 and a plurality
of support columns or legs 16. The air cooled condenser
module 10 further includes multiple A-type geometry del-
tas, each designated 18. Each delta 18 comprises two
tube bundle assemblies 28 with a series of finned tubes
to conduct heat transfer. The deltas 18 will be discussed
in further detail below.
[0018] Turning now to FIGS. 2 and 3, schematic side
views of the air cooled condenser 10 are depicted. As
specifically illustrated in FIG. 2, the air cooled condenser
employs risers 20 which are welded to the main steam
duct 22. The risers 20 are connected to a steam manifold
24 which operates to keep the steam flow velocity more
constant. This above described configuration is part the
A-type condenser bundles 28 that are shipped as a unit
from the factory, which will be discussed in further detail
below. The condenser bundles 28 are preferably welded
to the risers 20 via a transition piece 26 to accommodate
the geometry of the steam manifold.
[0019] Turning now to FIG. 4, a delta 18 is illustrated.
As depicted, each delta 18 is comprised of two individual
heat exchange bundle assemblies 28, each having a se-
ries of finned tubes. The individual tubes are approxi-
mately two (2) meters in length whereas the bundle length
is approximately twelve (12) meters. As illustrated, each
bundle assembly 28 is positioned at an angle to one an-
other to form the A-type configuration of the delta 18.
While the bundle assemblies 28 may be positioned at
any desired angle, they preferably are positioned at an
angle approximately twenty degrees (20°) to approxi-
mately thirty degrees (30°) from vertical and approxi-
mately sixty degrees (60°) to approximately seventy de-
grees (70°) from horizontal. More specifically, the bundle
assemblies 28 are positioned at twenty-six degrees (26°)
from vertical and sixty-four degrees (64°) from horizontal.
[0020] Each of the bundle assemblies 28 are assem-
bled prior to shipping wherein each comprises a riser to
header transition piece 26, steam manifold 24, finned
tubes 25, and steam condensate headers 27. As can be
seen in FIG. 1, due to the modular design and orientation
of the bundle assemblies 28, the air cooled condenser
design 10 has approximately five (5) times more tubes
as compared to typical designs. Moreover, the embodi-
ments of the current invention not only utilize five (5) times
the tubes, but employ condenser tubes that are much
shorter in length. As result of the aforementioned design
and orientation, the steam velocity traveling through the
tube bundles 28 is reduced as result of the increased
number of tubes in combination with the reduced tube
length, and therefore steam pressure drop within the del-

tas 18 is reduced, making the air cool condenser 10 more
efficient.
[0021] Typically, turbine back pressure of an air cooled
condenser or the like is limited by the maximum steam
velocity in the tubes (to limit erosion) wherein the steam
velocity is increasing with a decrease of back pressure
(due to density of steam). Thus, due to the addition of
tubes in accordance with the present invention, the steam
is still maintained at the maximum allowable steam ve-
locity but at a lower back pressure. The other limitation
the current delta design addresses is that the pressure
at the exit of the secondary bundles cannot be less than
the vacuum group capability. This pressure typically re-
sults from turbine back pressure minus the pressure drop
in ducting minus the pressure drop in the tubes. Accord-
ingly, due to the reduced pressure drop in the tubes, the
allowable turbine back pressure is lower with the delta
18 design.
[0022] Furthermore, the above-described bundle de-
sign also reduces the pressure drop within the individual
delta 18. For example, the heat exchange that takes
place via the deltas 18, is dependent upon the heat ex-
change coefficient, i.e., the mean temperature difference
between air and steam and the exchange surface. Due
to the reduced pressure drop as previously described,
the mean pressure (average between inlet pressure and
exit pressure) in the exchanger is higher with the design
of the current condenser configuration 10. In other words,
because steam is saturated, the mean steam tempera-
ture is also higher for the same heat exchange surface
resulting in increased heat exchange.
[0023] Turning now to FIG. 5, a transport container,
generally designated 30 is illustrated. As the name sug-
gests, the transport container 30 is used to transport the
bundles 28, from the factory to the job site. As illustrated,
the condenser bundles 28, are manufactured and as-
sembled at the factory with the respective steam manifold
24 and steam condensate headers 27. While five (5) bun-
dles are illustrated positioned in the transport container,
more or less individual bundles may be shipped per con-
tainer depending as needed or required.
[0024] Alternatively, the above described embodi-
ments of the present employ tube bundles manufactured
and assembled, prior to shipping, having steam manifold
24 and steam condensate headers 27, alternative em-
bodiment bundles may not include a manifold prior to
shipping. More specifically, in such embodiments, the
tube bundles may be ship without steam manifolds 24
attached thereto. In said embodiments, the tube bundles
28 may be assembled in field to form the A-type config-
uration, as discussed above. However, instead of em-
ploying two steam manifolds, this alternative embodi-
ment may employ a single steam manifold wherein the
single steam manifold extends along the "apex" of the A
configuration.
[0025] Referring now to FIG. 6, a flow chart is illustrat-
ed, schematically depicting the steps of assembly of the
air cooled condenser tower 10. As previously described,
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the individual tube bundles 28 are assembled prior to
shipment to the job site, as referenced by numeral 40.
Each individual bundle assembly 28 includes a plurality
of finned tubes 25 along with a steam manifold 24 and
steam condensate header 27. As previously discussed
in connection with the previous figures of the specifica-
tion, the bundle assemblies 28 are pre-manufactured at
the factory prior to placing the individual bundle assem-
blies 28 in the shipping container 30 as identified by nu-
meral 42. The shipping containers 30 are then shipped
to the erection field site.
[0026] Next, the delta, generally indicated as 18, is as-
sembled in the field as identified by numerals 44 and 46.
As previously described, while the bundles may be po-
sitioned at any desired angle, they preferably are posi-
tioned at an angle (y) approximately twenty degrees (20°)
to approximately thirty degrees (30°) from vertical and
an angle (x) approximately sixty degrees (60°) to approx-
imately seventy degrees (70°) from horizontal. More spe-
cifically, the bundles are positioned at twenty-six degrees
(26°) from vertical and sixty-four degrees (64°) from hor-
izontal. As designated by numeral 46, a single A-type
delta is illustrated 18 formed by two bundle assemblies
28 to form the "A" configuration. The bundle assemblies
28 self support one another in this configuration.
[0027] Turning now to the air cooled condenser module
10 as referenced by the numeral 48, it is depicted em-
ploying five deltas 18. As discussed above, the air cooled
condenser is an improvement over current air cooled
condenser types and it has a high "pre-fabrication" level
which equates to reduced installation cost and reduced
installation time. Moreover, the above-described design
reduces the pressure drop, thereby providing a more ef-
ficient heat exchange apparatus.
[0028] The many features and advantages of the in-
vention are apparent from the detailed specification, and,
thus, it is intended by the appended claims to cover all
such features and advantages of the invention which fall
within the true spirit and scope of the invention. Further,
since numerous modifications and variations will readily
occur to those skilled in the art, it is not desired to limit
the invention to the exact construction and operation il-
lustrated and described, for example a forced draft air
cooled condenser has been illustrated but an induced
draft design can be adapted to gain the same benefits
and, accordingly, all suitable modifications and equiva-
lents may be resorted to that fall within the scope of the
invention.

Claims

1. A method for assembling a modular air cooled con-
denser extending along a vertical axis away from
horizontal, comprising:

assembling a first condenser bundle having a
first set of tubes having first and second ends,

and a condensate header connected to the sec-
ond ends of the tubes;
assembling a second condenser bundle having
a second set of tubes having first and second
ends, and a condensate header connected to
the second ends of the tubes;
placing the first and second condenser bundles
in to a container;
transporting the container to a location upon
which the modular air cooled condenser will be
assembled; and
assembling a heat exchange delta using the first
condenser bundle and the second condenser
bundle.

2. The method according to claim 1, further comprising
attaching a steam manifold to the first ends of the of
the first and second sets of tubes at the location,
wherein the steam manifold provides steam to the
first condenser bundle and the second condenser
bundle.

3. The method according to claim 2, further comprising
positioning the heat exchange delta on a modular
tower frame.

4. The method according to claim 1, wherein the step
of assembling the heat exchange bundle comprises
placing the first condenser bundle at an angle to ver-
tical and horizontal and placing the second condens-
er bundle at an angle to vertical and to horizontal
wherein the first and second heat exchange bundles
contact one another at a point to form an "A" type
configuration.

5. The method according to claim 4, wherein each of
the first and second heat exchange bundles is posi-
tioned at an angle to horizontal equal to approximate-
ly sixty degrees to approximately seventy degrees
and wherein each of the first and second heat ex-
change bundles is positioned at an angle to vertical
equal to approximately twenty degrees to approxi-
mately thirty degrees.

6. The method according to claim 5, wherein each of
the first and second heat exchange bundles is posi-
tioned at an angle to horizontal equal to approximate-
ly sixty-four degrees and wherein each of the first
and second heat exchange bundles are positioned
at an angle to vertical equal to approximately twenty-
six degrees.

7. The method according to claim 1, wherein each of
the first and second set of tubes have fins attached
thereto.

8. The method according to claim 1 wherein said set
of tubes comprises tubes having a length equal to
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approximately two meters.

9. The method according to claim 8, wherein each of
said first and second condenser bundles has a length
equal to approximately twelve meters.

10. The method according to claim 1, further comprising
the steps of:

assembling a third condenser bundle having a
third set of tubes having first and second ends,
and a condensate header connected to the sec-
ond ends of the third set of tubes;
assembling a fourth condenser bundle having a
fourth set of tubes having first and second ends,
and a condensate header connected to the sec-
ond ends of the tubes;
placing the third and fourth condenser bundles
into the container.

11. The method according to claim 10, further compris-
ing attaching a steam manifold to the first ends of
the of the third and fourth sets of tubes at the location,
wherein the steam manifold provides steam to the
third condenser bundle and the fourth condenser
bundle.

12. The method according to claim 11, further compris-
ing:

assembling a second heat exchange delta by
placing using the third condenser bundle and
the fourth condenser bundle; and
positioning the second heat exchange delta on
the modular tower frame.

13. The method according to claim 3, wherein the mod-
ular tower frame comprises:

a plenum within which the delta resides;
at least two columns that support the plenum;
and
a shroud that houses an air current generator.

14. The method according to claim 13, wherein the delta
is five deltas and the air current generator is a fan.

15. A modular air cooled condenser extending along a
vertical axis away from horizontal, comprising:

means for assembling a first condenser bundle
having a first set of tubes having first and second
ends, and a condensate header connected to
the second ends of the tubes;
means for assembling a second condenser bun-
dle having a second set of tubes having first and
second ends, and a condensate header con-
nected to the second ends of the tubes;

means for placing the first and second condens-
er bundles into a container;

means for assembling a heat exchange del-
ta by using the first condenser bundle and
the second condenser bundle; and

means for transporting the container to a loca-
tion upon which the modular air cooled condens-
er will be assembled.
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